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Reviewing of the Letter's Patent shows numerous errors and every 
correction done in the claims during examination was eliminated in the Patent 
Letter. 

The claims should read: 

1 . A control system for a plastics processing machine, comprising: 

a central processing unit adapted to execute a real time operating 
system; 

a plurality of actuators and/or sensors connected via a bus system to the 
central processing unit, at least one actuator and/or at least one sensor being 
directed to a rapidly fluctuating variable with a high resolution; and 

at least one first pre-processing unit having at least one ASIC or FPGA, 
at least one actuator and/or sensor directed to a rapidly fluctuating variable 
with a high resolution being connected with the first pre-processing unit, the 
first pre-processing unit being connected with the central processing unit via 
the bus system. 

2. The control system of claim 1 , and further comprising a second processing 
unit having a CPU and disposed between the bus system and the first 
pre-processing unit. 

3. The control system of claim 1 , and further comprising an I/O system directly 
disposed on the bus system. 

4. The control system of claim 2, further comprising an I/O system disposed on 
the bus system downstream of the second processing unit. 

5. The control system of claim 1 , wherein the at least one first pre-processing 
unit is adapted to preprocess signals and match drivers for the sensors 
and/or the actuators, and to calibrate the sensors and/or the actuators. 
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6. The control system of claim 1 , wherein the bus system is implemented as a 
serial bus. 

7. The control system of claim 1, wherein the central processing unit includes 
an input device and a monitor. 

8. The control system of claim 7, wherein the input device is a keyboard. 

9. The control system of claim 1 , wherein at least one pre-processing unit is 
configured to relieve the central processing unit from communicating via the 
bus. 

10. The control system of claim 2, wherein the second pre-processing unit is 
configured to relieve the central processing unit from communicating via the 
bus. 

11. A control system for a plastics processing machine, comprising: 

a central processing unit adapted to execute a real time operating 
system; 

a plurality of actuators and/or sensors connected via a bus system to the 
central processing unit, at least one actuator and/or at least one sensor being 
directed to a rapidly fluctuating variable with a high resolution; and 

at least one pre-processing unit having at least one ASIC or FPGA 
arranged between the bus system and the central processing unit. 

12. The control system of claim 1 1 , wherein the bus system is implemented as a 
serial bus. 

13. The control system of claim 11, wherein the central processing unit includes 
an input device and a monitor. 
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14. The control system of claim 13, wherein the input device is a keyboard. 

15. The control system of claim 11, wherein the pre-processing unit and/or 
another pre-processing unit are configured to relieve the central processing 
unit from communicating via the bus. 

16. A control system for a plastics processing machine, comprising: 

a central processing unit adapted to execute a real time operating 
system; 

a plurality of actuators and/or sensors connected via a bus system to the 
central processing unit, at least one actuator and/or at least one sensor being 
directed to a rapidly fluctuating variable with a high resolution; 

at least one first pre-processing unit having at least one ASIC or FPGA 
and connected with the central processing unit via the bus system; and 

a second pre-processing unit having at least one ASIC or FPGA and 
disposed between the bus system and the central processing unit at least 
one actuator and/or sensor directed to a rapidly fluctuating variable with high 
resolution being connected with the first pre-processing unit, the first pre- 
processing unit being connected with the first pre-processing unit. 

17. A control system for a plastics processing machine, comprising: 

a central processing unit adapted to execute a real time operating 
system; 

a first operating element responsive to a fluctuating variable with a high 
resolution and operatively connected to the central processing unit via a bus 
system; and 

a first pre-processing unit having at least one ASIC or FPGA and 
connected to the bus system between the central processing unit and the first 
operating element for locally processing the first operating element. 



W 2 7 2008. 



t 

Docket No: FISCHBACH-6 
Patent No: 7,054,693 

18. The control system of claim 17, wherein the operating element is a member 
selected from the group consisting of actuator and sensor. 

19. The control system of claim 17, and further comprising a second said 
operating element connected to the bus system. 

20. The control system of claim 17, and further comprising a second said 
pre-processing unit disposed on the bus system between the central 
processing unit and the first pre-processing unit. 

21. The control system of claim 17, and further comprising an I/O system directly 
disposed on the bus system. 

22. The control system of claim 17, further comprising a further central 
processing unit operatively connected to the central processing unit via a 
second bus system, and an I/O system disposed on a bus system 
downstream of the further processing unit. 

23. The control system of claim 17, wherein the bus system is implemented as a 
serial bus. 
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Issuance of a new and corrected Letter's Patent is requested., since the 
issuance of a Certificate of Correction in lieu thereof would be inappropriate 
considering the amount of corrections. Since this error for which a new patent is 
sought is a result of a Patent and Trademark Office mistake, no fee is due (35 
U.S.C. §254). A copy of the Patent with the incorrect claims is attached herewith 
as Exhibit A. 

The Commissioner is hereby authorized to charge fees which may be 
required, or credit any overpayment to Deposit Account No.: 06-0502. 



Date: November 1 5, 2006 
350 Fifth Avenue, 
Suite 4714 

New York, N.Y. 10118 

(212)244-5500 

UBD:ub 




Respectfully submitted, 
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The Director of the United States 
Patent and Trademark Office 

Has received an application for a patent for a 
new and useful invention. The title and descrip- 
tion of the invention are enclosed. The require- 
ments of law have been complied with, and it 
has been determined that a patent on the in- 
vention shall be granted under the law. 

Therefore, this 

United States Patent 

Grants to the person(s) having title to this patent 
the right to exclude others from making, using, 
offering for sale, or selling the invention 
throughout the United States of America or im- 
porting the invention into the United States of 
America for the term set forth below, subject 
to the payment of maintenance fees as provided 
by law. 

If this application was filed prior to June 8, 
1995, the term of this patent is the longer of 
seventeen years from the date of grant of this 
patent or twenty years from the earliest effec- 
tive U.S. filing date of the application, subject 
to any statutory extension. 

If this application was filed on or after June 8, 
1995, the term of this patent is twenty years from 
the US. filing date, subject to any statutory ex- 
tension. If the application contains a specific 
reference to an earlier filed application or ap- 
plications under 35 U.SC 120, 121 or 365(c), 
the term of the patent is twenty years from the 
date on which the earliest application was filed, 
subject to any statutory extensions. 
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(57) ABSTRACT 

A control system for a plastics processing machine with at 
least one central processing unit with a real-time operating 
system is described. The central processing unit is connected 
to a plurality of actuators and/or sensors via a bus system, 
with at least one actuator and/or sensor directed to a rapidly 
fluctuating variable with a high-resolution. The first central 
processing unit can be released of overly burdensome con- 
trol and communication tasks by using a first pre-processing 
unit which performs signal pre-processing for several sen- 
sors and/or actuators and by using a second pre-processing 
unit, which relieves the central processing unit directly of 
the bus communication. 

23 Claims, 2 Drawing Sheets 
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HIGH DATA RATE ACTUATOR/SENSOR 
CONTROL SYSTEM FOR A PLASTICS 
PROCESSING MACHINE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims the priority of German Patent 
Applications, Serial Nos. 102 50 972.7, filed Nov. 2, 2002, 
and 103 02 878.1, filed Jan. 25, 2003, pursuant to 35 U.S.C. 
1 1 9(a)-(d), the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a control system for 
plastics processing machines and handling devices for such 
machines, and more particularly to a controller for plastics 
processing machines with a serial bus system and real-time 
processing requirements. 

Control systems with digital peripheral equipment for 
plastics processing machines use bus systems, in particular 
serial bus systems, meeting real-time requirements for com- 
municating between sensors and/or actuators and the central 
processor (CPU), hereinafter also referred to as central 
processing unit. Intensive competition has rapidly lowered 
the cost -efficiency ratio of CPU units. Conversely, the capa- 
bilities of real-time-capable, serial bus systems have pro- 
gressed at a much slower pace. In addition, in particular 
when digital sensors or actuators are used, complex proto- 
cols have to be processed for calibration, identification of the 
manufacturer or adaptation of drivers from different manu- 
facturers. The increased complexity of these programs 
require a greater bandwidth of the bus systems and more 
CPU resources, wherein system functions in a separate 
CPU/RAM configuration are economically difficult to 
implement in small quantities. 

German patent publication DE 199 58 790 C2 describes 
a machine for producing parts made of plastic or rubber, 
whereby a control device is subdivided into at least a first 
and a second functional unit. The first functional unit 
measures an actual temperature value, whereas the second 
functional unit performs control functions and outputs the 
control signals. DE 199 58 790 C2 addresses the problem of 
providing a decentralized input/output system that does not 
require additional installation space and manufacturing 
expenses. In addition, the wiring complexity should be 
minimized to save cost. This problem is solved by imple- 
menting in particular a portion of the functional unit with a 
control device in a plug connector which is connected via a 
field bus, e.g. a CAN-bus, with the actual central controller. 
The electronics contained in the plug connector can include, 
for example, an ASIC (application-specific integrated cir- 
cuit), a microprocessor and a power supply. The ASIC 
converts the analog measurement values to digital signals. 
The microprocessor controlled the ASIC and performs the 
computation, linearization, cold-junction-compensation and 
transmission to the field bus controller. 

In addition to using thermocouples as sensors, DE 199 58 
790 C2 describes the possibility of providing in a controller 
additional digital outputs which can be connected with other 
sensors, for example core pullers, limits switches or prox- 
imity switches. 

The sensors or actuators (e.g., heating tapes) mentioned in 
DE 199 58 790 C2 all represent components which operate 
relatively slowly and typically do not require a high reso- 
lution. 
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The problem addressed by the present invention, on the 
other hand, relates to the large burden placed on the central 
processors by the bus communication, in particular with 
rapidly changing variables (e.g., rapidly changing mechani- 

5 cal variables) with a high resolution. When using such 
sensors and actuators, it may happen that significant 
resources of the CPU are used (up to 40%) by the bus 
communication, including other tasks like signal pre-pro- 
cessing, driver adaptation, calibration, etc. These resources 

10 are then not available to the central processor or processing 
unit for actual computational and control tasks. 

European Pat. No. EP 0 917 034 describes a method for 
remote monitoring and/or remote maintenance of an injec- 
tion molding machine. The injection molding machine is 

15 provided with an SPS with at least one CPU for controlling 
the actuators of the injection molding machine in real-time. 
Data are transmitted between the injection molding machine 
and a remote monitoring station located at a distal location 
for remote monitoring and/or remote maintenance. As 

20 described in EP0 917 034, several actuators and sensors are 
connected via inputs and outputs to a real-time controller. 
The inputs and outputs can include a digital card or an 
analog card. However, EP 0 917 034 does not disclose that 
these cards are provided with pre-processing units. Accord- 

25 ingly, the inputs and outputs represent conventional inter- 
faces which for high data transmission rates require an 
increased communication bandwidth over a real-time-ca- 
pable bus systems. 

U.S. Pat. No. 5,901,058 describes a system and a method 

30 for achieving heterogeneous data flow in control systems. A 
server is connected with a plurality of controllers via a bus 
system, with the controllers operatively connected via a bus 
system with individual input/outputs stations which provide 
communication with sensors and actuators. However, this 

35 reference does not suggest a direct connection of a plurality 
of actuators to an input/output as well as the use of ASICs 
or FPGAs (field-programmable gate arrays) in the input/ 
output devices for decreasing the bandwidth requirements. 
It would therefore be desirable and advantageous to 

40 provide an improved device for reducing the communication 
bandwidth requirements of real-time-capable bus systems, 
in particular serial bus systems, of plastics processing 
machines and associated handling devices, which obviates 
prior art shortcomings and is able to specifically free up 

45 computing capacity in the CPU. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, a control system 

50 for a plastics processing machine includes a central process- 
ing unit executing a real-time operating system, a plurality 
of actuators and/or sensors connected via a bus system to the 
central processing unit, with at least one actuator and/or at 
least one sensor being directed to a rapidly fluctuating 

55 variable with a high resolution, and at least one first pre- 
processing unit having at least one ASIC or FPGA, wherein 
the plurality of actuator and/or sensor, of which at least one 
is directed to a rapidly fluctuating variable with a high 
resolution, is connected with the first pre-processing unit, 

60 and wherein the first pre-processing unit is connected with 
the central processing unit via the bus system. 

According to another aspect of the invention, a control 
system for a plastics processing machine includes a central 
processing unit executing a real-time operating system, a 

65 plurality of actuators and/or sensors connected via a bus 
system to the central processing unit, with at least one 
actuator and/or at least one sensor being directed to a rapidly 
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fluctuating variable with a high resolution, and at least one FIG. 1 is a schematic diagram of a control system for a 

pre-processing unit having at least one ASIC or FPGA plastics processing machine according to the invention; 

arranged between the bus system and the central processing FIG. 2 is a schematic diagram of another control system 

unit. for a plastics processing machine according to the invention; 

According to yet another aspect of the invention, a control 5 and 

system for a plastics processing machine includes a central FIG. 3 is a schematic diagram of a third control system for 

processing unit executing a real-time operating system, a a plastics processing machine according to the invention, 
plurality of actuators and/or sensors connected via a bus 

system to the central processing unit, with at least one DETAILED DESCRIPTION OF PREFERRED 

actuator and/or at least one sensor being directed to a rapidly 1 0 EMBODIMENTS 
fluctuating variable with a high resolution, at least one first 

pre-processing unit having at least one ASIC or FPGA, and Throughout all the Figures, same or corresponding ele- 

a second pre-processing unit with at least one ASIC or FPGA ments a« generally indicated by same reference numerals, 

arranged between the bus system and the central processing depicted embodiments are to be understood as illus- 

unit, wherein the plurality of actuators and/or sensors, of 15 trative of the invention and not as limiting in any way. It 

which one is directed to a rapidly fluctuating variable with should aIso be understood that the drawings are not neces- 

a high resolution, is connected with the first pre-processing saril y to scale and that the embodiments are sometimes 

unit, and wherein the first pre-processing unit is connected illustrated by graphic symbols, phantom lines, diagrammatic 

with the central processing unit via the bus system. representations and fragmentary views. In certain instances, 

In a control system according to the invention, the data of 20 details wnicn ™ not necessary for an imderstanding of the 

several sensors and/or actuators are pre-processed with the P resent invent |° n or L whlch render other details dlfficult t0 

help of field-programmable gate arrays (FPGA) and/or perceive may have been omitted. 

application-specific integrated circuits (ASIC). At least one t Tumm S now to * e T ^ aw u m f and 1 m Pf ' cular t0 H ?- *> 

sensor or actuator represents a component that is directed to ls . shown a C ™ 4 which as described in more detai 

-J,,, fl,„-,,„.: • _,■ i i • , ■ u •.. 25 below, is connected via a serial bus system 3 to an ASIC/ 

a rapidly fluctuating, in particular mechanical, variable with > r,,^,,,,*- . , ■% • t a r u 

a high resolution. Synchronization and processing is eco- uml J ^ ASIC ^™AT }, mdudeS ' fi f W- 
nomically feasible only by using FPGAs and ASICs. A Programmable gate array (FPGA and/or an application- 
quantity-dependent, economical balance between local pro- s Pf ,fi <; CUCU1 * ( ASIC )> w j"f ,s specifically 
cessing capacity and the demand on communication tailored to the present emb^iment and the connected sen- 
resources is achieved via the quantity-dependent implemen- 30 sor , s or a«uarors- The ASIC/FPGA unit 2 is connected with 
tation of FPGAs and ASICs in signal pro-processing, system at lea , st one . sens ? r ^ actua,or }, and Preprocesses the 
functions and communication tasks. The use of FPGAs and S1 ^ ls rece,ved from the se , nsor and / or actua,or r At ' eas ' 
ASICs according to the invention for pre-processing signifi- one >mot 01 actua !°f 15 mptemented as a component which 
cantly lessens the burden on the bus communication in fiilly f m m «*? ure a , ra P ld, y Actuating variable with high reso- 
and substantially digital machine controls and promotes the 35 !» tlon - 711(5 ^solution can be, for example in the range of 16 
economical application of a single CPU for real-time appli- 2 1 or . more blt , s - q uantllles ar f typically mechanical 
cations. Shielding the communication from local tasks quantities, such as pressure, linear dimensions, total mass 
thereby prevents the formation of bottlenecks in the real- flow °, r S1 u m,lar q^tlties. However, some sensors-for 
time bus communication. A complex control can then be example the sensor unit or actuator unit 1 in FIG. 1-can 
implemented with a predefined bandwidth of the bus sys- 40 be d " ecfl y connected with the senal bus system 3. Suitable 
terns, in particular of the serial bus systems. are here P articular those components which require only 
„ , .. „ , . . . , , insignificant bandwidth resources from the serial bus system 
Embodiments of the invention may mclude one or more afld whose ^ canflot ^ of nee(J no , be , oca „ sed 

of the following features. Another processing unit with a Such sensofs or actuators can be connected with the 

CPU can be arranged between the bus system and the first cpu 4 yja ^ serfa| bu$ m 

pre-processing unit. An I/O system can be arranged on the FIG. 2 shows another embodiment of the control system 

bus system or on the other processing umt connected down- 4 . A ™ T T %1A - « ' . 

J - , , v, e . , according to the invention. A CPU unit 10 is provided which 

stream of the bus system. The pre-processing umt can be . Z a* -%<* a \ \> -aZa* * ~ a 

. * . , i j * i_ j ■ r L 1S connected to a monitor 12 and a keyboard 14 for input and 

adapted to preprocess signals and match drivers for the t . c j . t-, ,-nTT in • i j 

J \\. ^ . i it..^ output of data. The CPU umt 10 is coupled to a pre- 

sensors and/or the actuators, and to calibrate the sensors u + 0 . 4l c I . , 

j I % . . . ' l • i j 50 processing unit 18, subsequently referred to as second 

and/or the actuators The bus system may be implemented as £ e f si unitj which relieves the CPU unit 10 

a serial bus. TTk .central processing umt can include an input » { £ bug J^^^ B ^ the second 

device (keyboard) and a monitor. cessing ^ Jg ^ ^ ^J^chhave to be maintained 

Compared to German patent publication DE 199 58 790 for a bus response, do not adversely affect the available CPU 
C2, it is much more expensive to process a 16-bit or 21 -bit 55 cap acity. The second pre-processing unit 18 also includes an 
encoded pressure or distance signal at a millisecond clock AS ic or a FPGA suitably adapted for communication, 
rate than to query a digital input for a core switch or limit pre-processing unit 18 is in this case con- 
switch. Such mechanical variables typically change 100 nected> on one handj via a seria , bus system 16 with a flrst 
times faster than the temperature variables. pre-processing unit 20 and, on the other hand, with an I/O 

60 system 22. Several sensors or actuators are connected to the 

BRIEF DESCRIPTION OF THE DRAWING first pre-processing unit 20 which again includes an ASIC 

and/or a FPGA. In the present example, n components SI to 

Other features and advantages of the present invention Sn are depicted which are directly connected with the first 

will be more readily apparent upon reading the following pre-processing unit 20. These components can be sensors 

description of currently preferred exemplified embodiments 65 and/or actuators. It should be emphasized, that several 

of the invention with reference to the accompanying draw- sensors or actuators SI to Sn are always connected to the 

ing, in which: first pre-processing unit 20, whereby at least one sensor or 
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actuator is directed to a rapidly fluctuating mechanical 
quantity, such as a pressure signal, a distance signal, a 
volume flow signal, etc., with a high resolution. In particular, 
such rapidly fluctuating variables with a high resolution 
require a high bus communication speed, which would tax 5 
the capacity of the central processing unit, unless a corre- 
sponding pre-processing unit is connected upstream. 

It will be understood that several pre-processing units 20 
can be connected to the serial bus system 16. Only one 
pre-processing unit is depicted in FIG. 2. In addition, an 10 
input/output system (I/O system) 22 with analog inputs and 
outputs (Al, AO) and digital inputs and outputs (DI, DO) can 
be provided. 

The additional embodiment depicted in FIG. 3 differs 
from the embodiment depicted in FIG. 2 with respect to two 15 
details. Instead of the second pre-processing unit 18, a 
second CPU unit 24 (CPU 2) is provided downstream of the 
bus system 16', which is implemented as a SCSI bus. The 
first CPU unit (CPU 1) with the reference numeral 10' is 
connected with the second CPU unit 24 directly via the serial 20 
bus 16'. This "2-CPU controller" reduces the bus commu- 
nication in particular through the use of the second CPU unit 
24, which transmits to the first CPU unit 10' and receives 
from the first CPU unit 10' via the serial bus 16* only the 
signals required for the actual control. 25 

The control and communication with the sensors and/or 
actuators SI to Sn is again performed in the first pre- 
processing unit 20, so that the communication between the 
first pre-processing unit 20 and the second CPU unit 24 can 
be kept at a minimum. In this embodiment, too, at least one 30 
of the sensors or actuators is directed to a rapidly fluctuating 
variable with high resolution. 

By pre-processing the signals and/or data according to the 
invention with the ASIC/FPGA unit, a feedback to the 
sensor/actuator can be implemented without overly taxing 35 
the resources of the serial bus system for control commands 
or data transmission. Real-time requirements of the control 
system can then be more easily satisfied, in particular when 
the time-critical signal processing and data computations are 
performed by the ASICs/FPGAs, which can provide feed- 40 
back to the sensors/actuators. 

In addition, complex control systems where several sig- 
nals and data have to be considered, can be implemented 
with serial bus systems having a predetermined bandwidth. 

What is claimed as new and desired to be protected by 45 
Letters Patent is set forth in the appended claims and 
includes equivalents of the elements recited therein: 

What is claimed is: 

1. A control system for a plastics processing machine, 
comprising: 50 

a central processing unit executing a real-time operating 
system, 

a plurality of actuators and/or sensors connected via a bus 
system to the central processing unit, with at least one 
actuator and/or at least one sensor being directed to a 55 
rapidly fluctuating variable with a high resolution, and 

at least one first pre-processing unit having at least one 
ASIC or FPGA, 

wherein the plurality of actuators and/or sensors, of which 
at least one is directed to a rapidly fluctuating variable 60 
with a high resolution, is connected with the first 
pre-processing unit, and 

wherein the first pre-processing unit is connected with the 
central processing unit via the bus system. 

2. The control system of claim 1, and further comprising 65 
a second processing unit having a CPU and disposed 
between the bus system and the first pre-processing unit. 



3. The control system of claim 1, and fiirther comprising 
an I/O system directly disposed on the bus system. 

4. The control system of claim 2, and further comprising 
an I/O system disposed on the second processing unit 
connected downstream of the bus system. 

5. The control system of claim 1, wherein the at least one 
first pre-processing unit is adapted to preprocess signals and 
match drivers for the sensors and/or the acmators, and to 
calibrate the sensors and/or the actuators. 

6. The control system of claim 1, wherein the bus system 
is implemented as a serial bus. 

7. The control system of claim 1, wherein the central 
processing unit includes an input device and a monitor. 

8. The control system of claim 7, wherein the input device 
is a keyboard. 

9. The control system of claim 1, wherein the at least one 
first pre-processing unit is configured to relieve the central 
processing unit from communicating via the bus. 

10. The control system of claim 2, wherein the second 
pre-processing unit is configured to relieve the central 
processing unit from communicating via the bus. 

11. A control system for a plastics processing machine, 
comprising: 

a central processing unit executing a real-time operating 
system, 

a plurality of actuators and/or sensors connected via a bus 
system to the central processing unit, with at least one 
actuator and/or at least one sensor being directed to a 
rapidly changing variable with a high resolution, and 

at least one pre-processing unit having at least one ASIC 
or FPGA arranged between the bus system and the 
central processing unit. 

12. The control system of claim 11, wherein the bus 
system is implemented as a serial bus. 

13. The control system of claim 11, wherein the central 
processing unit includes an input device and a monitor. 

14. The control system of claim 13, wherein the input 
device is a keyboard. 

15. The control system of claim 11, wherein the pre- 
processing unit and/or the other pre-processing unit are 
configured to relieve the central processing unit from com- 
municating via the bus. 

16. A control system for a plastics processing machine, 
comprising: 

a central processing unit executing a real-time operating 
system, 

a plurality of actuators and/or sensors connected via a bus 
system to the central processing unit, with at least one 
actuator and/or at least one sensor being directed to a 
rapidly fluctuating variable with a high resolution, 

at least one first pre-processing unit having at least one 
ASIC or FPGA and connected with the central pro- 
cessing unit via the bus system; and 

a second pre-processing unit having at least one ASIC or 
FPGA and disposed between the bus system and the 
central processing unit, 

wherein the plurality of actuators and/or sensors, of which 
al least one is directed to the rapidly fluctuating vari- 
able with high resolution, is connected with the first 
pre-processing unit. 

17. A control system for a plastics processing machine, 
comprising: 

a central processing unit executing a real-time operating 
system; 

a first operating element responsive to a fluctuating vari- 
able with a high resolution and operatively connected 
to the central processing unit via a bus system; and 
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a first pre-processing unit having at least one ASIC or 
FPGA and disposed in the bus system between the 
central processing unit and the first operating element 
for locally processing the first operating element. 

18. The control system of claim 17, wherein the operating 
element is a member selected from the group consisting of 
actuator and sensor. 

19. The control system of claim 17. and further compris- 
ing a second said operating element connected to the bus 
system. 

20. The control system of claim 17. and further compris- 
ing a second said pre-processing unit disposed on the bus 
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system between the central processing unit and the first 
pre-processing unit. 

21. The control system of claim 17, and further compris- 
ing an I/O system directly disposed on the bus system. 

22. The control system of claim 17, and further compris- 
ing a further central processing unit operatively connected to 
the first central processing unit via a second bus system, and 
an I/O system disposed on the second bus pre-processing 
unit connected downstream of the bus system. 

23. The control system of claim 17, wherein the bus 
system is implemented as a serial bus. 



